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(57) ABSTRACT 

A pipelined multistreaming processor has an instruction 
Source, a plurality of streams fetching instructions from the 
instruction source, a dispatch stage for selecting and dis 
patching instructions to a set of execution units, a set of 
instruction queues having one queue associated with each 
stream in the plurality of streams, and located in the pipeline 
between the instruction cache and the dispatch stage, and a 
select system for selecting streams in each cycle to fetch 
instructions from the instruction cache. The processor is 
characterized in that the select system selects one or more 
streams in each cycle for which to fetch instructions from the 
instruction cache, and in that the number of streams selected 
for which to fetch instructions in each cycle is fewer than the 
number of streams in the plurality of streams. 
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FETCH AND DISPATCH DISASSOCATION 
APPARATUS FOR MULT-STREAMING 

PROCESSORS 

FIELD OF THE INVENTION 

0001. The present invention is in the field of digital 
processing and pertains more particularly to apparatus and 
methods for fetching and dispatching instructions in 
dynamic multistreaming processors. 

BACKGROUND OF THE INVENTION 

0002 Conventional pipelined single-stream processors 
incorporate fetch and dispatch pipeline stages, as is true of 
most conventional processors. In Such processors, in the 
fetch stage, one or more instructions are read from an 
instruction cache and in the dispatch stage, one or more 
instructions are sent to execution units (EUs) to execute. 
These stages may be separated by one or more other stages, 
for example a decode stage. In Such a processor the fetch and 
dispatch stages are coupled together Such that the fetch stage 
generally fetches from the instruction stream in every cycle. 
0003. In multistreaming processors known to the present 
inventors, multiple instruction streams are provided, each 
having access to the execution units. Multiple fetch stages 
may be provided, one for each instruction stream, although 
one dispatch stage is employed. Thus, the fetch and dispatch 
stages are coupled to one another as in other conventional 
processors, and each instruction stream generally fetches 
instructions in each cycle. That is, if there are five instruction 
streams, each of the five fetches in each cycle, and there 
needs to be a port to the instruction cache for each stream, 
or a separate cache for each stream. 
0004. In a multistreaming processor multiple instruction 
streams share a common set of resources, for example 
execution units and/or access to memory resources. In Such 
a processor, for example, there may be Minstruction streams 
that share Q execution units in any given cycle. This means 
that a set of up to Q instructions is chosen from the M 
instruction streams to be delivered to the execution units in 
each cycle. In the following cycle a different set of up to Q 
instructions is chosen, and so forth. More than one instruc 
tion may be chosen from the same instruction stream, up to 
a maximum P. given that there are no dependencies between 
the instructions. 

0005. It is desirable in multistreaming processors to 
maximize the number of instructions executed in each cycle. 
This means that the set of up to Q instructions that is chosen 
in each cycle should be as close to Q as possible. Reasons 
that there may not be Q instructions available include flow 
dependencies, stalls due to memory operations, stalls due to 
branches, and instruction fetch latency. 
0006 What is clearly needed in the art is an apparatus and 
method to de-couple dispatch operations from fetch opera 
tions. The present invention, in several embodiments 
described in enabling detail below, provides a unique solu 
tion. 

SUMMARY OF THE INVENTION 

0007. In a preferred embodiment of the present invention 
a pipelined multistreaming processor is provided, compris 
ing an instruction Source, a plurality of streams fetching 
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instructions from the instruction source, a dispatch stage for 
selecting and dispatching instructions to a set of execution 
units, a set of instruction queues having one queue associ 
ated with each stream in the plurality of streams, and located 
in the pipeline between the instruction source and the 
dispatch stage, and a select system for selecting streams in 
each cycle to fetch instructions from the instruction source. 
The processor is characterized in that the number of streams 
selected for which to fetch instructions in each cycle is fewer 
than the number of streams in the plurality of streams. 

0008. In some embodiments the number of streams in the 
plurality of streams is eight, and the number of streams 
selected for which to fetch instructions in each cycle is two. 
Also in some embodiments the select system monitors a set 
of fetch program counters (FPC) having one FPC associated 
with each stream, and directs fetching of instructions begin 
ning at addresses according to the program counters. In still 
other embodiments each stream selected to fetch is directed 
to fetch eight instructions from the instruction cache. 

0009. In some embodiments there is a set of execution 
units to which the dispatch stage dispatches instructions. In 
Some embodiments the set of execution units comprises 
eight Arithmetic-Logic Units (ALS), and two memory units. 

0010. In another aspect of the invention, in a pipelined 
multistreaming processor having an instruction queue, a 
method for decoupling fetching from a dispatch stage is 
provided, comprising the steps of (a) placing a set of 
instruction queues, one for each stream, in the pipeline 
between the instruction queue and the dispatch stage; and (b) 
selecting one or more streams, fewer than the number of 
streams in the multistreaming processor, for which to fetch 
instructions in each cycle from an instruction source. 

0011. In some embodiments of the method the number of 
streams in the plurality of streams is eight, and the number 
of streams selected for which to fetch instructions in each 
cycle is two. In some embodiments the select system moni 
tors a set of fetch program counters (FPC) having one FPC 
associated with each stream, and directs fetching if instruc 
tions beginning at addresses according to the to the program 
counters. In other embodiments each stream selected to fetch 
is directed to fetch eight instructions from the instruction 
Source. In preferred embodiments, also, the dispatch stage 
dispatches instructions to a set of execution units, which 
may comprise eight Arithmetic-Logic Units (ALS), and two 
memory units. 

0012. In embodiments of the present invention, described 
in enabling detail below, for the first time apparatus and 
methods are provided for a decoupling fetch and dispatch in 
processors, and particularly in multistreaming processors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 FIG. 1 is a block diagram depicting a pipelined 
structure for a processor in the prior art. 

0014 FIG. 2 is a block diagram depicting a pipelined 
structure for a multistreaming processor known to the 
present inventors. 

0015 FIG. 3 is a block diagram for a pipelines architec 
ture for a multistreaming processor according to an embodi 
ment of the present invention. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0016 FIG. 1 is a block diagram depicting a pipelined 
structure for a processor in the prior art. In this prior art 
structure there is an instruction cache 11, wherein instruc 
tions await selection for execution, a fetch stage 13 which 
selects and fetches instruction into the pipeline, and a 
dispatch stage which dispatches instructions to execution 
units (EUs) 17. In many conventional pipelined structures 
there are additional stages other than the exemplary stages 
illustrated here. 

0017. In the simple architecture illustrated in FIG. 1 
everything works in lockStep. In each cycle an instruction is 
fetched and, and another previously fetched instruction is 
dispatched to one of the execution units. 
0018 FIG. 2 is a block diagram depicting a pipelined 
structure for a multistreaming processor known to the 
present inventors, wherein a single instruction cache 19 has 
ports for three separate streams, and a fetch is made per 
cycle by each of three fetch stages 21, 23 and 25 (one for 
each stream). In this particular case a single dispatch stage 
27 selects instructions from a pool fed by the three streams 
and dispatches those instructions to one or another of three 
execution units 29. In this architecture the fetch and dispatch 
units are still directly coupled. It should be noted that the 
architecture of FIG. 2, while prior to the present invention, 
is not necessarily in the public domain, as it is an as-yet 
proprietary architecture known to the present inventors. In 
another example, there may be separate caches for separate 
streams, but this does not provide the desired de-coupling. 
0.019 FIG. 3 is a block diagram depicting an architecture 
for a dynamic multistreaming (DMS) processor according to 
an embodiment of the present invention. In this DMS 
processor there are eight streams and ten functional units. 
Instruction cache 31 in this embodiment has two ports for 
providing instructions to fetch stage 33. Eight instructions 
may be fetched each cycle for each port, so 16 instructions 
may be fetched per cycle. 
0020. In a preferred embodiment of the present invention 
instruction queues 39 are provided, which effectively 
decouple fetch and dispatch stages in the pipeline. There are 
in this embodiment eight instruction queues, one for each 
stream. In the example of FIG. 3 the instruction queues are 
shown in a manner to illustrate that each queue may have a 
different number of instructions ready for transfer to a 
dispatch stage 41. 
0021 Referring again to instruction cache 31 and the two 
ports to fetch stage 33, it was described above that eight 
instructions may be fetched to stage 33 via each port. 
Typically the eight instructions for one port are eight instruc 
tions from a single thread for a single stream. For example, 
the eight instructions fetched by one port in a particular 
cycle will typically be sequential instructions for a thread 
associated with one stream. 

0022 Determination of the two threads associated with 
two streams to be accessed in each cycle is made by 
selection logic 35. Logic 35 monitors a set of fetch program 
counters 37, which maintain a program counter for each 
stream, indicating at what address to find the next instruction 
for that stream. Select logic 35 also monitors the state of 
each queue in set 39 of instruction queues. Based at least in 
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part on the state of instruction queues 39 select logic 35 
determines the two threads from which to fetch instructions 
in a particular cycle. For example, if the instruction queue in 
set 39 for a stream is full, the probability of utilizing eight 
additional instructions into the pipeline from the thread 
associated with that stream is low. Conversely, if the instruc 
tion queue in set 39 for a stream is empty, the probability of 
utilizing eight additional instructions into the pipeline from 
the thread associated with that stream is high. 

0023. In this embodiment, in each cycle, four instructions 
are made available to dispatch stage 41 from each instruc 
tion queue. In practice dispatch logic is provided for select 
ing from which queues to dispatch instructions. The dispatch 
logic has knowledge of many parameters, typically includ 
ing priorities, instruction dependencies, and the like, and is 
also aware of the number of instructions in each queue. 

0024. As described above, there are in this preferred 
embodiment ten execution units, which include two memory 
units 43 and eight arithmetic logic units (ALUs) 45. Thus, in 
each cycle up to ten instructions may be dispatched to 
execution units. 

0025. In the system depicted by FIG. 3 the unique and 
novel set of instruction queues 39 provides decoupling of 
dispatch from fetch in the pipeline. The dispatch stage now 
has a larger pool of instructions from which to select to 
dispatch to execution units, and the efficiency of dispatch is 
improved. That is the number of instructions that may be 
dispatched per cycle is maximized. This structure and opera 
tion allows a large number of streams of a DMS processor 
to execute instructions continually while permitting the fetch 
mechanism to fetch from a smaller number of streams in 
each cycle. Fetching from a smaller number of streams, in 
this case two, in each cycle is important, because the 
hardware and logic necessary to provide additional ports 
into the instruction cache is significant. As an added benefit, 
unified access to a single cache is provided. 

0026. Thus the instruction queue in the preferred embodi 
ment allows fetched instructions to be buffered after fetch 
and before dispatch. The instruction queue read mechanism 
allows the head of the queue to be presented to dispatch in 
each cycle, allowing a variable number of instructions to be 
dispatched from each stream in each cycle. With the instruc 
tion queue, one can take advantage of instruction stream 
locality, while maximizing the efficiency of the fetch mecha 
nism in the presence of stalls and branches. By providing a 
fetch mechanism that can Support up to eight instructions 
from two streams, one can keep the instruction queues full 
while not having to replicate the fetch bandwidth across all 
StreamS. 

0027. The skilled artisan will recognize that there are a 
number of alterations that might be made in embodiments of 
the invention described above without departing from the 
spirit and scope of the invention. For example, the number 
of instruction queues may vary, the number of ports into the 
instruction cache may vary, the fetch logic may be imple 
mented in a variety of ways, and the dispatch logic may be 
implemented in a variety of ways, among other changes that 
may be made within the spirit and Scope of the invention. 
For these and other reasons the invention should be afforded 
the broadest scope, and should be limited only by the claims 
that follow. 
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1-12. (canceled) 
13. A pipelined multistreaming processor, comprising: 
an instruction cache configured to concurrently provide a 

plurality of instructions for a plurality of instruction 
Streams; 

fetch logic coupled to the instruction cache configured to 
concurrently fetch said plurality of instructions for the 
plurality of instruction streams from the instruction 
cache, wherein said plurality of instructions includes at 
least two instructions for a first instruction stream of the 
plurality of instruction streams; 

a plurality of instruction queues coupled to the fetch logic 
wherein each one of the plurality of instruction queues 
is associated with at least one of the plurality of 
instruction streams, wherein the number of the plurality 
of instruction queues is greater than the plurality of 
instruction streams that are provided by the instruction 
cache; 

a dispatch stage coupled to the plurality of instruction 
queues and configured to select and dispatch instruc 
tions for the plurality of instruction streams. 

14. The processor of claim 13 wherein the fetch logic is 
further configured to concurrently store fetched instructions 
into ones of the plurality of instruction queues that are 
associated with a subset of the plurality of instruction 
StreamS. 

15. The processor of claim 13 further comprising select 
logic coupled to the instruction cache and to the plurality of 
instruction queues, said select logic configured to: 

monitor each of the plurality of instruction queues; and 
based on the monitoring, select the subset of the plurality 

of instruction streams for which to fetch instructions 
from the instruction cache. 

16. The processor of claim 15 wherein the select logic is 
further configured to: 

monitor a plurality of program counters (FPC), each of the 
plurality of program counters associated with one of the 
plurality of instruction streams and configured to store 
an address associated with the next instruction to be 
fetched, for the one of the plurality of instruction 
streams; and 

direct fetching from the instruction cache at addresses 
stored in the plurality of program counters. 

17. The processor of claim 15 wherein the select logic is 
further configured to select the subset of the plurality of 
instruction streams for which to fetch instructions, wherein 
the Subset comprises those instruction streams whose asso 
ciated queues are least full. 

18. The processor of claim 13 wherein the dispatch logic 
dispatches instructions to a set of execution units. 

19. The processor of claim 18 wherein the fetch logic is 
coupled to the instruction cache via a number of ports, 
wherein said number of ports is less than the number of 
instructions dispatched by the dispatch stage to the set of 
execution units in each cycle. 

20. The processor of claim 19 wherein by providing said 
plurality of instruction queues to decouple the fetch logic 
from the dispatch stage, and by providing the select logic to 
monitor said queues and select ones of the plurality of 
instruction streams for fetching, the processor allows a large 
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number of streams in the processor to execute while mini 
mizing the number of ports provided by the instruction 
cache. 

21. The processor of claim 20 wherein the plurality of 
instruction queues is at least four, and the number of ports 
provided by the instruction cache is greater than one, but less 
than four. 

22. The processor of claim 21 wherein the dispatch logic 
is further configured to dispatch a variable number of 
instructions from each queue in each cycle. 

23. In a multistreaming processor, the processor executing 
a plurality of instruction streams, a method for decoupling 
fetching of instructions for the plurality of instruction 
streams from the dispatch of those instructions for execu 
tion, the method comprising: 

concurrently fetching a plurality of instructions from an 
instruction cache for the plurality of instruction 
streams, wherein the plurality of instructions includes 
at least two instructions for a first instruction stream of 
the plurality of instruction streams; 

providing a plurality of instruction queues, wherein each 
instruction queue is associated with at least one of the 
plurality of instruction streams, wherein the number of 
the plurality of instruction queues is greater than the 
plurality of instruction streams; and 

selecting and dispatching instructions from the instruction 
queues for the plurality of instruction streams. 

24. The method of claim 23 further comprising concur 
rently storing fetched instructions into ones of said plurality 
of instruction queues that are associated with a Subset of the 
plurality of instruction streams. 

25. The method of claim 23 further comprising: 

monitoring each of the plurality of instruction queues; 

based on the monitoring, selecting the Subset of the 
plurality of instruction streams for which to fetch 
instructions from the instruction cache. 

26. The method of claim 25 further comprising: 

monitoring a plurality of program counters (FPC), each of 
said plurality of program counters associated with one 
of the plurality of instruction streams and configured to 
store an address associated with the next instruction to 
be fetched, for the one of the plurality of instruction 
streams; and 

direct fetching from the instruction cache at addresses 
stored in said plurality of program counters. 

27. The method of claim 25 further comprising selecting 
the subset of the plurality of instruction streams for which to 
fetch instructions, wherein the Subset comprises those 
instruction streams whose associated queues are least full. 

28. The method of claim 23 further comprising dispatch 
ing instructions to a set of execution units. 

29. The method of claim 28 further comprising fetching 
instruction from said instruction cache via a number of ports, 
wherein said number of ports is less than the number of 
instructions dispatched to the set of execution units in each 
cycle. 

30. The method of claim 29 wherein by providing said 
plurality of instruction queues, and by monitoring said 
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queues and selecting ones of said plurality of instruction 
streams for fetching, the processor allows a large number of 
streams in the processor to execute while minimizing the 
number of ports provided by said instruction cache. 

31. The method of claim 30 wherein said plurality of 
instruction queues is at least four, and the number of ports 
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provided by said instruction cache is greater than one, but 
less than four. 

32. The method of claim 31 further comprising dispatch 
ing a variable number of instructions from each queue in 
each cycle. 


